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This working paper  has  been  prepared to assist  programmers maintaining  the 

Helios A/B Data Reduction Program, HELDRP. The top level  production 

flow associated with Helios is first  presented, followed by a  brief  description 

of the tape and disk  data  sets  and  printed  summaries involved with the  operation 

of HELDRP. The  tape  and disk  data  sets  and  hardcopy  summaries a re  de- 

scribed in  detail  in  appendices A through  I.  Finally,  a  computer  listing of 

HELDRP subroutine  prologues,  a  subroutine  tree  design, and  common  block 

diagram, and  common  block  descriptions is attached. Additional details 

regarding  the Helios experiments  and the  Helios  data  reduction  system  can  be 

found in  References 1 and 2. 

1. Helios Production Flow 

Please  refer  to  Figure 1. HELDRP generates RATES  and PHA tapes  from  a 

library (LIB) tape.  The LIB tape is a  compressed  version of the EDR tape 

sent  from IPD. It is generated by the  Helios  Library  Generator  Program 

(LIBGEN) (see  Figure 2) .  (LIBGEN is described in Reference 3 . )  The RATES 

and PHA tapes  generated by HELDRP form  the  basis of subsequent  data  analysis. 

The main  analysis is through FLXDBG which creates  a 15 minute summary  tape 

(FLUX tape  in  Figure 1) from which PHA and RATES plots  can  be  made. 

RATPLT plots  a  time  history of rates counts from the FLUX tape. Additional 

3 details  regarding FLXDBG can  be found in  Reference 4. MATRIX plots  the 
energy of one detector  element vs.  that of another.  The MATRIX plot  allows 

the experimenter to differentiate  particle  species.  FLXPLT  plots  the  counts 

vs. time  for  a  particular  particle  species  and  energy. 

The sectored  counts  analysis  are  plotted  directly  from  the RATES tape. 

HSXRMN plots  the  sectored  X-ray  counts and HASDMN plots the sectored  rates 

counts. 
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Figure  1. Helios  Production  Flow 
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Figure 2 .  HELDRP Interfaces 
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2. Data Sets  and Hardcopy Summaries 

Please  refer to Figure 2 .  There  are five tape  data sets,  eight  disk  data  sets, 

and two hardcopy summaries  associated with the  operation of HELDRP. Each 

of these  items is described  in  an appendix as follows. 

Item - Short  Description 

Hardcopy Orbit/attitude  tape 
Summary 1 description 

Hardcopy Command tape  listing 
Summary 2 provided  to  each U. S. 

experimenter on Helios A 

Tape 1 Experimenter  data  record 
(EDR), from Information 
Processing  Division (IPD) 

Tape 2 Compressed EDR library 
- tape 

Tape 3 Rates output tape 

Tape 4 Pulse Height Analyzer 
(PHA) output tape 

,Tape 5 ’ Orbit/attitude  tape 

Data  Set 1 Index of the EDR tapes 
processed 

Data Set 2 . Catalog of the EDR tapes 
processed 

Data Set 3 DRSLOG, logistics and 
history  log of each  file 
processed  by HELDRP 

Data Set 4 DRSCTP, current  catalog 
number for DRSCT1, 2, 3,  
and 4 

Detailed  Description 

Appendix B 

Appendix I 

Appendix A 

Appendix A 

Appendix D 

Appendix C 

Appendix B 

Appendix E 

Appendix F 

Appendix G 

Appendix H 

Data Set 5, 
6 ,  7 ,  and 8 

DRSCT1, 2, 3 ,  and 4, Appendix H 
catalogs of file times, 
quality, and  production 
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3. Computer  Listings 

Attached to  this working  paper is a listing of  prologues  that have been  prepared 

to  assist  programmers maintaining HELDRP. An alphabetical index of the 71  

subroutine  prologues is found on page 2. In addition, ''FLOWCHART" (page 32) 

presents a subroutine tree diagram, and "COMMONff (page 7 )  provides a common 

block  description and variable  interaction  chart. 
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. -  

APPENDIX A - EXPERIMENTER DATA RECORD (EDR) FORMATS 
- .  

This appendix describes  the Helios EDR formats on the  tapes  received  from 

the Information  Processing  Division (IPD). Included are:  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 
9. 

EDR Telemetry  Label  Format 

EDR Format 1 (Experimenter 7) 

EDR Format 2 (Experimenter 7) 

EDR Format 3 (Experimenter 7)  

EDR Format 5 (Experimenter 7) 

Rate Data Format 

PHA Data Format 

Gamma Ray Burst (GRB) Data Formats . 
GRB Memory Data 

- - - . . . . 

- 
A. 1 GENERAL  EDR  INFORMATION. 

The experimenter  data  record (EDR) for the  Helios  A/B  GSFc  Cosmic my 

Experiment  (Experiment 7 t  has the  following general  characteristics. 

0 An EDR consists of two tapes 

-- TLM tape 

-- ORB/ATT tape 

The format of the TLM EDR consists of one physical  file of multiple 

telemetry  (TLM)  records 

0 The TLM EDR is 9 track 1600 BPI 

0 The  end of tape is indicated by three  physical end of file marks 

0 A new logical  file  (header  preceding  the  records) is created  after 
. .  

-- An end of day 

-_ Change in  bit rate 

-- Change in format 
. . .. . 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Each logical  file of data is preceded by a  label,  all  labels on the 

TLM  EDR will be the. same  size . 

EVT (on telemetry  frames) is the  time of the  event of the  frame of 

data a t  the  spacecraft  in  milliseconds of day 

GMT is the  ground receive  time  (milliseconds of day) of the first 

bit of the  telemetry  frame at a  specified  station (DSS) 

Missing frames of data a re  indicated by a 1 bit in bit 6 of the S2 

status indicator 

Frames of missing data are filled with zeros 

Fill that is used  to  complete  a record  or  a  frame is binary  ones 

Engineering  data  word  positions  remain  constant  throughout  the 

experimenter  frame of data. Eng words  retain  their  last  value 

until a new value is encountered 

EDR's are  ordered on spacecraft event time  (EVT). (If no space- 

craft EVT exisbs for a  minor frame of data, HELDRP rejects  that  frame. ) 

Data from  the two networks is merged on the EDR's 

Experimenter 7 receives data only in formats 1 , 2, 3 , 5 

A label  consisting of 78 characters  precedes  all  files on the TLM  EDR.  The 

label  format is defined in Table A-1. 

Experimenter 7 formats 1 , 2 , 3, and 5 a re  defined in Tables A-2 through 5 ,  

respectively.  The  frame  status  indicators (SI) and the  engineering  data  asso- 

ciated with these  formats  are defined  in  Tables A-6 and A-7, respectively. 

Finally,  the  dependency of various  telemetry-related  parameters on bit  rate, 

format, and data mode is summarized in Table A-8. 

A-2 



Table A-1. Helios A/B EDR Telemetry Label Format 

This label  will  precede  all  files on the TLM EDR. The label will consist of 

78 characters 

1 - 7 + Space 

9 -11 +Space 

13  -15 +Space 

17 + Space 

19 -22 + Space 

24 -25 + Space 

27  -29 +Space 

31  -36 +Space 

38  -40 + Space I 

42  -47 + Space 

49  -52  + Space 

54  .-55 + Space 

57  -62 + Space 

International Code 

Tape Type (TLM or  ORB) 

Data 5 p e  (TLM or  CMD) 

Format Number 

Bit Rate 

Year of Recording (last 2 digits) 

File Start Time (Day) 

File  Start  Time (HHMMSS) 

File Stop Time (Day) 

File Stop Time (HHMMSS) 

Master Data Tape  Number 

Master Data Tape  File 

Date EDR generated (YYMMDD) 

64  -66 .+ Space EDR Run Number 

68 -69 + Space EDR File  number 

71  -72 + Space EDR.ree1  number 

74  -76 Experimenter ID 
77  78 Spares 

Labels  written on nine (9) track  tape will be  written in EBCDIC. 
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Table A-2. Helios A/B Experimenter 7 EDR Format 1 

EVT 

GMT 

FN 

TI 

SI 

LT 

8-1 3 

"1 1 

*16-17 

*28 

*40-45 

*64-69 . 

*88-89 

FILL 

. .  

*Engineering data  words 

DescriDtion 

Spacecraft  event  time (MS) 

Ground rec'd  time (MS) 

Frame  number 

Spacecraft  clock 

Status  indicators 

One  way light  time (MS) 

Scientific  data 

Engineering  data 

Engineering  data  (spin rate) 

Engineering  data 

Engineering  data 

Engineering  data 

Engineering  data 

Fill ones 

Eng frm 0 - 11,16 ,17  

Eng frm 0 - 11,16 ,17  

Engfrm 1 - 11,28,40,41,42,43,44,45, 
64 ,65 ,66 ,67 ,68 ,69 ,88 ,89  

Eng frm 2 - 11,4041 

Eng frm 3 - 11,28  

EDR frame = 52 bytes (8 bits) 
EDR record = 72 frames 

= 3744 bytes 
A-4 

Bytes 

4 

4 

2 

2 

4 

4 

6 

1 

2 

6 

6 

2 

8 

52 



Table A-3. Helios A/B Experimenter 7 EDR Format 2 

EVT 

GMT 

F N  

TI 

SI 

LT 

8-1 3 

80-85 

"11 

*16-17 

*28 

' *40-45 

*64-69 

*88-89 

FILL 

- 

Description 

Spacecraft  event  time (MS) 

Ground rec'd  time (&IS) 

Frame  number 

Spacecraft  clock 

Status indicators 

One  way light  time (MS) 

Scientific  data 

Scientific  data 

Engineering  data  (spin rate) 

Engineering  data  (spin  rate) 

Engineering  data 

Engineering  data 

Engineering  data 

Engineering  data 

Fill ones 

Bytes 

4 

4 

2 

2 

4 

4 

6 

6 

1 

2 

1 

6 

6 

2 

2 

52 

*Engineering  data  words  same as  Format 1 

A-5 



Table A-4. Helios A/B Experimenter 7 EDR Format 3 

.Description Bytes 

EVT 

GMT 

F N  

TI 

SI 

LT 
8-1 3 

80-85 

*11 

*16-17 

*28 

*40-45 

*64-69 

*88-89 

FILL 

Spacecraft  event  time (Msj 
Ground rec'd  time (MS) . 
Frame Number 

Spacecraft  clock 

Status  indicators 

One  way light  time (MS) 

Scientific  data 

Scientific  data 

Engineering  data 

Engineering  data  (spin  rate) 

Engineering  data 

Engineering  data 

Engineering  data 

Ehgineering  data 

Fill ones or  day 

4 

4 

2 

2 

4 

4 

6 

6 

1 

2 

1 

6 

6 

2 

5 2  

*Engineering  data  words  same as  Format 1 
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Table A-5. Helios A/B Experimenter 7 EDR Format 5 

EVT 

GMT 

FN 

TI 

SI 

LT 

33-35 

*11 

*16-17 

*28 

*40-45 

*64-69 

*88-89 

FILL 

Description 

Spacecraft  event  time (MS) 

Ground rec'd  time (MS) 

Frame  number 

Spacecraft  clock 

Status indicators 

One way light  time (MS) 

Scientific  data 

Engineering  data 

Engineering  data  (spin rate) 

Engineering  data 

Engineering  data 

Engineering  data 

Engineering  data 

Fill ones 

Bytes 

4 .  

4 

2 

2 

4 

4 

3 

1 

2 

1 

6 

6 

2 

11 

*Engineering  data  words  same  as  format 1 
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TABLE A-6 - HELIOS A  EDR FRAME  STATUS  INDICATORS 

- S1 (Byte 1) Bits - 
GMT Time  Correction  Flag 

Correct 
Corrected 
Uncorrectable 

Event Time  Status  Flag 
Event time computed 
Computed but  questionable 
Not computed 

Data  Type 
Real  time 
Analog tape  replay 
Digital  tape replay 

- S2 (Byte 2)  

Frame Counter  Correction 
.Corrected 
Uncorrected 

Engineering  Frame Number 

Fill Data Present ’ 

Fill 
No fill 

Number of Bit Errors  in S/C Sync  Word 

0 
1 
2 

1-0 

3 -2 
0 
1 
2 

6 -4 
0 
5 
4 

2-0 
1 
0 

Data  Quality 
Data is Good 4 
Data is Suspect (SNR below 
minium  requirement)  3 
Data is Suspect (errors in 
HSD block) 2 
Data is Suspect (SNR below 
minimum  requirement and 
er rors  in HSD block 1 
Data is Bad (non synced,  or 
deleted  frame 0 

5-3 

6 
1 
0 

7-0 

2-0 

Distribution Mode  6-3 
Note: Bits a r e  numbered  right to left within the byte (7-0) 

A- 8 



Table A-7. Helios Experiment 7  Engineering  Data (1 of 2) 

ENGR ENGR 
FRAME WORD 

0 11 

0 16-17 

1 
1 

1 

1 
1 
1 
1 
1 
1 
1 

. 1  
1 
1 
1 
1 
1 

11 
28 

40 
41 
42 
43 
44 
45 
64 
65 
66 
67 
68 
69 
88 

DESCRIPTION 

Power  Status (E-040) 
1 = ON, 0 = OFF 

Spin Rate  (in  RPM) (D-000/0-7-D-001/0-3) 

z 

1 = 2  
DO00 / 0 = zl' 10 

2 = 2  9 
3 = 2 8  

5 = 26 
4 = 2  7 

6 = 2  RPM = 
7 = 2  

1024 * 60 
Z 4 

DOOI / o = z3 
1 = 22 
2 = 2  
3 = 2  

1 
0 

X-RAY  Window Clock (E-187)  0=1, 1=0 
X-RAY  Window Data (E-188) O=ON, l=OFF 
Internal  calibrator A  (E=189) O=ON, l=OFF 
Internal  calibrator B (E-190) O=ON, 1=OFF 
X-RAY  High voltage (E-191) O=ON, l=OFF 
Sector  synchronizer (E-192) O=ON, 1=OF F 
Force blackout  mode (E-193)  O=OFF,  1=ON 
X-RAY sector  data mode (E-194) O=ON, 1=OFF 
HET (E7A) temperature (D-042) 
VLET2 (E7B2) temperature (D-043) 
Detector mounting plate  temp. (D-044) 
X-RAY detector  temperature (D-045) 
Thermal  blanket  support  plate 1 temp. (D-046) 
Thermal  blanket  support  plate 2  temp. (D-047) 
Electronics  temperature (0-048) 
Base  plate  temperature (D-049) 
+12 volts  monitor (D-050) 
+6 volts  digital  monitor (D-051) 
+6 volts  analog  monitor (D-052) 
+7.75 volts  monitor (0-053) 
+4.7 volts  monitor (D-054) 
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ENGR 
FRAME 

1 

2 

2 
2 

3 

Table A-7. Helios  Experiment 7 Engineering Data (2 of 2) 

ENGR 
WORD DESCRIPTION 

89 Base  plate  temp.  (front) 0 - 0 5 5 )  

11 

40 VLETl(E7Bl)  temperature (D-078) 
41  LET (E7C) temperature (D-079) 

11 

3 28 
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Table A-8. Mode Table (2 of 2)  

The experiment  cycle  times  and  other  parameters of interest  as  related to 

S/C bit  rate and  format is shown on page 1. Since the  internal  calibrators 

(CAL A and CAL B) a re  pulsed at  the  fine  sector  rate,  the  expected  number of 

counts  per  sectored  rate  readout  can  be  variable by 8 times  number of rolls 

in  the  accumulation  interval. 

Explanation Mode Table 

Col. 1. 

Col. 2 .  

Col. 3 .  

Col. 4. 

Col. 5.  

Col. 10. 

Col. 11. 

Col. 12. 

BM = Bit  rate 

FM = format 

DM = Data mode 

1 PHA block or  1 PHA EDF = 48 bits 
1 RATE Data  Block or Line = 48  bits 

1 Cycle 4 8 Rate - Data EDF Q 128 Rate  Blocks, with 
interspersed PHA blocks,  e. g. for 4096 
Bps - (5+l)x128 = 768 blocks.  (Rate  and PHA 
data) 

Cycle time = Frames per Cgcle x 1152 
BM 

Chosen  accumulation  interval  for SR counters  in  rolls 

Counts per Readout = Accumulation interval  x 2048, 
8 

since  the  interval  calibrators  are pulsing at  the fine sector  rate. 
One SR counter is only  counting  during 1/8 of a  roll or during one 
45 sector. 

1 EDMF E 1 Cycle = 1 Experiment Data Main Frame 

0 



A. 2 COSMIC RAY EXPERIMENT DATA 

The GSFC Cosmic Ray Experiment on Helios A/B outputs  minor frame  data of 

two basic  types,  referred to as Rate  Data and PHA data. In addition,  Helios A 

provides Gamma Ray Burst ( G B )  data. Rate data is simply  a 12 bit  binary 

number, packed four  numbers to a  block which represents the  total  number of 

times  per  accumulation  interval  that  signals  exceeding  specified  amplitudes 

from one or more  detectors  in  each  sensor  array  (telescope)  occurred in 

coincidence.  These rate events a re  counted (accumulated)  in  a 24 bit  counter 

for a period of time  dependent on bit  rate and mode of spacecraft  operation in 

use. Prior  to  transmission,  data  from  each 24 bit  counter is compressed  to 

12 bits by converting  the  number  to its logarithm.  After  receipt of rate  data 

on the  ground,  the  log  in  each 12 bit  rate word is converted  back  to its integer 

equivalent and divided by the  length of the  accumulation  interval to yield  counts 

per unit  time. -The rate  data  format is described in Section A. 2.2. 

PHA data  represents  the  digitized  amplitude of each of three  specified  detector 

signals appearing in coincidence.  The  Pulse Height Analyzer  resolves  the 

amplitude of each  pulse  into one part  in 1024 (10 bits). Each amplitude is 

transmitted  in  binary  form  as 12 bit word.  Each PHA readout is a quasi- 

randomly  selected  coincidence  event  during  the  accumulation  interval and the 

data represents  the  amplitudes of the  three  detector  signals  rather  than  the 

number of events  per unit time.  Each PHA event is packed in one 48 bit block. 

The ratio of PHA data  to  rate  data is dependent upon the  spacecraft mode and 

bit  rate in use.  The  readout  format is not necessarily  synchronous with  the 

modulo-72 major  frame  sequence. Hence, each 48 bit block  contains  identi- 

fying  bits which uniquely  identify the  type and source of data  in  that block. At 

high bit  rates (4096 and 2048 bps. ) the  ratio of PHA data  to  rate  data  can  be  as 

high as 7 to 1 (i. e. , 7 each 48 bit PHA blocks for  each 48 bit  rate block). At 

1024 through 256 bps,  the  ratio is 3 :l. At still lower  bit  rates  the  ratio  drops 
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to 1:l and at  the  lowest  bit  rates  as  well  as blackout  mode, all PHA data and 

selected  rate  data is excluded from readout.  The PHA data  format is described 

in Section A.2.2. 

The  Helios B Gamma Ray Burst (GRB) data is described  in  Section A. 2.3. 

A. 2.1 Rate Data Format 

Rate  data is packed in 48 bit  blocks as shown in Figure A-1. All rate  data is 

ordered  most  significant  bit (MSB) first in time and the ID bits  are  ordered 

LSB first. The bits  are numbered in the order they appear in time, and have 

the following significance : 

Bit # 

48 

Description 

Always a "lf' for  rate  data, always  a ' *Or f  for 
PHA data. 

44-47 A, B, C, D a re  4 four bits  from  a modulo-16 
counter (A = MSB), specifying one of 16 possible 
' linesff of rate  data. Each line  contains 
3 1/3 rate  works,  .or 3 words and 4 discreet  bits. 

41-43 DS2 through DS4 are  discrete identifying  bits 
which specify  the  commutator  position  for  each 
of the rate  words  in  that block. 

37-40 The 4 bits  are  either DS bits  or  rate data bits 
' as specified by the  line  number (bits 44-47). 

Four  rate  counters  are  readout,  in  lines 2-4, 
6-8,  10-12, and 14-16. 

25-36 All bits of word 2 of the  specified  line. 

13-24 All 12 bits of word 3 of the  specified  line. 

1-12 All 12 bits of word 4 of the  specified  line. 

The 12 rate  data  bits  are designated X1, X ,  X3, X7, C1,  C2, . . C5 

and represent  the  true  binary  log of the  number of counts  accumulated.  The 

X's a r e  the  bits of the  mantissa and the C's a re  the  bits of the characteristics. 
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Each 48 bit  block  contains three  complete  rate  words (words 4, 5,'  and 2) and 

either 1/2 of another  rate word (word 1 )  or  discreet  bits. When word  number 

is combined  with line  number, one of 48 rate  counters is specified  in 

words 4,  3, or 2. Word 1 is distributed  through 3 lines, hence 3 consecutive 

lines  are  required to read out each word 1. There  are 4 additional  counter 

readout in lines 1 through 16. The total  number of rate  counters is thus 48 plus 

4, o r  52. Each  counter may be  commutated  through 1, 2, 4, o r  8 different 

coincidence  conditions or,  in the case of sectored  counters, may also  be  asso- 

ciated with only 45 degree  increment  as  the S/C spins. Commutation levels 

are specified  in  the  discreet  bits DS2 through DS8. 

Hence, each individual  coincidence rate  can  be uniquely specified only by the 

combination of line  number, word number, and commutation  level.  There are 

230 such unique rates. In the ground computer,  each  must  be  extracted  from 

the data  converted to integer  form, and summed with previous  readouts of the 

same  rate to  maintain  a  running  total. A t  the  completion of a  specified accumu- 

lation  interval,  the  summed  number of counts in  each rate location is divided 

by the  accumulation  intervdl  to  yield  counts  per unit time. 

Conversion from the  logarithm  to  the  integer  number may be  accomplished as 

follows.  The A reg  is a 24 bit  binary  counter which counts input pulses when 

permitted by the F and A functions.  The reset condition of this register is all 

cclcrs, hence the first pulse  counted produces all r c O ' r ~ ,  the  second  produces 

10000000, etc. A t  the  end of an accumulation  interval,  the log compressor 

shifts  right  the A reg until a cflcc appears  in the MSB. The next 7 bits, not 

including the MSB, which is always  a cclcr, are  read out as X1 - X7, and the 

number of shifts is read  out  as C1 - C5. 

0 

The convert a log  back  to  real, first replace the most  significant r'l'f of the 

mantissa  lost  during  readout, and then shift  the  appropriate  number of shifts 

as  read out in C1 -C5. Then add 1 to  account for the reset condition of the 

A reg.  For  example, after 6 counts  the A reg contains 101000 . . . (total of 
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24 bits). LSB is in the left. There  are 21 leading zeros on the right to be 

shifted out of the way until A3 appears  at  the end of the  shift  register. X1 - X7 

will read 0000010(1), where  the 1711T is A 3  which was last is shown in paren- 

theses. C1 - C5 will  contain 21 in binary.  It  re-convert: 

Shift left X 1  - X7 once,  adding  the 11111 which  was lost. 

NOW X1 - X7 - 0000101. 

hift left 21 times,  entering 21 zeros  from the  right. 

We now have 0000101 plus 21 zeros: 

0000101 poo . . . . 0, 
2 1  

Truncate from the left to leave 24 places,  right  justified, including 

the 21 zeros.  Contents of the A reg  has not been  restored. LSB 

is still on the  left. 

Add 1 to  give 11000,. . , , the  binary  equivalent of 6. 

All  the above was done referencing  the  bit  field  associated with  accumulation. 

However, during  readout the bits  are  reversed so that  they are  read out differ- 

ently and hence  will appear in core  differently.  For 6 input counts,  readout 

is C5,  C4,  C3 . . . C1,  X7,-X6 . . . X1. C5 through C1 (the  characteristic) 

will  contain 11, o r  11001 (MSE first). X7 through X1 is the mantissa and con- 

tains 0100101  (X7 is on the left). The readout of the rate word thus  appears 

in Telemetry as 

110010100000 

To convert: 

(1) Shift right double (i. e. , so that  the  mantissa is entered into  another 

register and saved)  seven  times  entering 0's from  the left. This 
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separates  the  characteristic and the  mantissa,  leaving  the  charac- 

teristic  right  justified and the  mantissa  left  justified in two adjacent 

words. 

Shift right  the  mantissa  once,  entering 11111 from the  left.  The man- 

tissa is now 101000 . . . for the  remainder of the  computer word 

field. 

Shift right  again,  entering 0's from the  left, the number of times 

indicated in the  characteristic. 

Shift right  again  to  right  justify  the 2-bit reconstructed  field in the 

computer word. This  number of shifts is the  computer word  length 

minus 24. The rate word is now in integer  form. 

Add 1 to the shifted  word, and the result is the binary  equivalent, 

in 24 bits, of the  total  number of counts counted. 

A. 2.2 PHA Data Format 

Each  Pulse -Height  Analysis  event is packed in a single 48 bit block as shown in 

Figure A-2. The  block is uniquely  identified as being PHA data by bit 48. The 

block  contains  three 1 2  bit amplitude  words from  either the High Energy 

Telescope (HET or  E7A) o r  the Low Energy  Telescope  (LET  or E7C) and 

appropriate  tag  bits  specifying  more  information about the event. Each of the 

amplitude  words is a  binary  digitization of the  pulse  amplitude  from the corres- 

ponding detector. X12 is the MSB and X1 is the LSB. The bits  are  numbered 

in the  order  they  appear  in  time and have  the following significance: 

Bit # 

48 

- 

47 

Description 

Always a "0' for PHA data;  always  a "1 If for 

rate data. 

H/L bit  indicates if PHA data is a HET event 

(H/L = 0) or  a  LET event (H/L = 1). 
. .  
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Bit # Description 

44-46 

3 7-43 

T3, T4,  and T5 a r e  the  sector  tags.  The 

orientation of the S/C at the  time of each PHA 

is encoded in these  bits  (T8 is MSE) into 

octants (45 degree). 

Depends on whether  data is HET o r  LET. If 

HET,  Tag  bits T6 & T7  specify one of 4 possible 

coincidence  conditions  initiating the analysis. 

The  detector  pulse  digitized in PHA word 1 from 

the A element of HET if T6 = 0, and is from  the 

CIII e/event of HET if T6 = 1. Remaining bits 

notyetassigned. 

25-36 * PHA data word 1; 1 2  bits. If HET event, is 

amplitude of A o r  CIII (see T6). If LET event, 

is amplitude of  DI 

13-24 

1-12 

PH'k data word 1; 12  bits. If HET event, is 

amplitude of B. If LET  event, is amplitude of 

DII. - 

PHA data word 3; 12 bits. If HET event, is 

amplitude of (C1 + CII). If LET  event, is 

amplitude of E. 

Each  amplitude  word  originates  from a 12 bit counter which is reset to all 

ffonesf7. A channel 1 event  toggles  each  counter  stage,  producing a readout of 

all  "zeros"  for  that word. A channel 2 event  reads  out as 1 (decimal),  etc. 

Each  amplitude  word  must  be  incremented by 1 in  the  ground  computer to pro- 

duce  the correct amplitude. 
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The tag  bit  assignments  for HET  and LET PHA data  blocks are as'  follows: 

Tag  Bit 

T3 

T4 

T 5. 
T6 

T7 

T8 

T9 

T10 

T11 

T12 

DATA CONTENTS 

HET (Bit 47 = 0) 

2 Sector ID (2 ) 

Sector ID (2 ) 
1 

Sector ID (2') 

Event  Type Code (2  ) 

Event  Type Code (2') 

CII Range 

Priority Rank Bit S1 

Priority Rank Bit S2 

y Ray Mem. R/O Enable 

y Ray ID 

1 

LET (Bit 47 = 1) 

Sector ID (2 ) 
2 

Sector ID (2 ) 
1 

Sector ID (2') 

Event  Type Code 

Priority 

B42 

A44 

A43 

A 42 

y Ray ID 

Each PHA data word specifies  the  amplitude of the pulse in a specific  detector 

as indicated  below. 

PHA Data Word  HET (E7a) LET (E7c) 

Word 1 A when H Tag T6 = 1- 
CIII when H Tag T6 = 0 DI 

Word 2 B 

Word 3 CI + CII 

DII 

E 

The  event  type  code (2 bits  for HET, 1 bit  for  LET)  specifies which of several 

coincidence  conditions  initiated  the  analysis. HET Tag T-6 is essentially an 

inverted CIII penetration  indicator; when  HT-6 = 0, the particle  penetrated 

through  the stack to CIII and the  associated HET PHA Word 1 contains  .the  am- 

plitude of detector CIII. LET-Tag T-6 is also a penetration  indicator, but in- 

cludes  amplitude  requirements  as well. 
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A. 2.3 GRB Data  Formats 

The  Helios A GRB addition transmits  all  data within the 48-bit blocks  already 

assigned  to E-7. GRB housekeeping (HK) data is present on a regular  basis, 

and will occur in place of the first PHA block following a rate line #1 block 

for even  numbered  unsectored rate sequences (URS ID) only. There  are  four 

distinct  types of  GRB HK blocks.  Memory dump data is present only after de- 

tection of a gamma  ray  burst, and will  be  transmitted  in  place of all PHA data 

following any GRB HK block and continuing until  memory dump is complete 

(512 48-bit blocks). 

The  four  types of  GRB HK blocks are  shown in Figure A-3a. These  blocks are 

uniquely identified by Bits 48, 38 and  37 being  zero. The type of HK data in 

each  block is identified  by  Bits 43 and  44. The remaining  data  quantities  are 

as follows : 

0 Bit 39, HKO. The A bit  designates  whether o r  not the A sensor is 

enabled as  gamma  ray  burst  detector. The A sensor  corresponds 

to  the TBD sciqtillator. 

0 Bit 39, HK1. The  B bit  serves the same function as the A bit, 

above, but  corresponds to the TBD scintillator. 

0 Bit 39, HK2. The AUTO bit, when a "l", indicates  that  memory 

dump  will occur  automatically beginning with the first non-rate 

block to  follow  a GRB HK block.  Automatic memory dump  will 

occur only after completion of a memory load cycle (64 seconds) 

resulting  from  detection of a gamma  ray  burst. If AUTO-0, all 

data  associated with a burst will  remain in memory  until  completion 

of a memory dump initiated by  ground command. 

0 Bit 39, HK3. The R01 bit = 1 indicates  that  memory dump will 

terminate after one complete  readout  cycle (512 48-bit blocks). 
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When R01-1, memory  readout is repeated to provide a redundant 

dump to prevent  loss of data. 

0 Bits 40-42. The  trigger  counter is a modulo-8 counter which 

is incremented  each  time a gamma  ray  burst is detected. It is 

never reset. This  counter is used to indicate if a burst  occurred 

during a time when the S/C was out of view of a  ground station, and 

is used in conjunction with the AUTO mode to determine when a 

memory  readout should be commanded.. 

0 Bit 46. The parity  bit is 1 = odd number of r r l t ~ f f  in the  previous 

48-bit GRB block. Parity  appears both HK and memory  data 

and always  corresponds to the  previous GRB block, regardless of 

type ( H K  o r  M). 

0 Bits-1-36, HKO. These  bits  contain  three 12-bit rate  data words 

for one randomly  chosen 4, 32, o r  256 msec  accumulation  interval. 

Knowledge of these  counts is used to help  determine an appropriate 

reference  threshold for detecting a gamma  ray  burst. The LSB is 

in Bits 1, 13 and 25 for the slow, medium and fast  counters,  re- 

spectively.  Each  counter  data is only 11 bits (i.e. 

Bits 1-11, ,13-23 and 25-35, respectively). The 12th bit in each 

field is either an  overflow  bit, o r  a trigger ID bit. Overflow is 

unambiguously  indicated by a 1 in the  12th bit and all  zeros in the 

preceding 11 bits.  Trigger ID appears as a f71" when the  present 

count exceeds  the  trigger  threshold for that rate counter. 

0 Bits 1-36, HK1. These  bits  contain  the  three 12-bit  command  data 

words which establish  the  reference  thresholds  for  detecting a 

gamma  ray  burst. The contents of each of the  slow,  medium and 

fast  counters is compared with their  respective  threshold  levels 
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and trigger a memory load cycle when any one of the thresholds 

is exceeded.  The LSB  of each word is in Bits 1, 13, and  25, re- 

spectively, and only the first 11 bits are used. The 12th  bit in each 

12-bit field is not  used. 

0 Bit 1, HK2. The PWR bit is a status  bit which indicates if power 

to E-7 has  been  interrupted  since  the  previous  memory  readout. 

When E-7 is first turned on, this  bit is set to a "ltf and will  read- 

out a "1" until  completion of the first memory dump. This  bit is 

used  to  verify no interruption of power input which might affect the 

integrity of the internal 35-bit calendar  counter. A long sequence 

of readings of the S/C clock and the GRB clock are  necessary  to 

obtain  absolute  calibration of the GRB clock. 

Bits 2-36, HK2. These  bits  represent  the  state of the 35-bit cal- 

ender  counter.  Bit 2 is the LSB and has  the weight 4.0 mSec. This 

time  base is derived  from  the S/C O P  CLOCK, scaled by 128. 

Bit 3 is the 9 mSec bit,  etc., up  to  Bit 36, which has  the 

weight  68, 719, 476.84 seconds, or  about 795 days. 

8 Bits 1-18, HK3. These  bits  represent  the  number of events above 

threshold  from  the A detector  since the last HK3 line.  In contrast 

to  the  rate  data in Line HK1, this  data is over a significantly  longer 

time  base, is A counts  only, and is not  zero when A is disabled by 

command. LSB is in Location 1. MSB is in Location 18. 

Bits 19-36, HK3. These bits represent the same  data  from De- 

tector B as described above for Detector A. LSB is Bit 19, MSB 

is Bit 36. 

A. 2.4  GRB Memory Data 

The GRB addition contains 3  512 x 1 2  - bit  memories for storing  the count data 

accumulated  during  the 4, 32 and 256 mSec intervals. While searching  for a 
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gamma  ray  burst,  all count data is continuously  being stored in locations 

256-511, with the  oldest  data  being  replaced by newest  data. Hence there  are 

always 256 continuous data  entries to provide a history of the last 64 seconds. 

When any one of the 3 thresholds is exceeded, a gamma-ray  burst is detected 

and a 1'11' appears  in  the 12th  bit of that  rate  data and the  trigger  counter is 

incremented by one. The data  that  caused  the  trigger is stored with the  pre- 

cursor  data  somewhere in the  upper half of memory.  Immediately,  the  state 

of the  calendar  counter is entered into address 0. The 255 succeeding count 

data are stored in their  respective  memory  locations;  thus  filling  the  lower 

half of memory. No further  memory  entries  are allowed until  completion of 

memory  readout, which in AUTO mode begins with the first 48-bit PHA data 

block following the  next HK line. GRB memory  data  takes  the  place of all PHA 

data  until  completion of readout. When  AUTO is disabled,  memory  readout 

may be  initiated-by  ground  command. 

The  data  format  for  memory  data is shown in  Figure A-3b and contains  the 

following information: 

3.1.1  Bits 1-12. These  bits  contain  the 11 bits of data  from  the 

slow (256 mSec interval)  counter.  Bit 1 is LSB. The 12th  bit is 

either an  overflow  bit (in which case the 11 data  bits  are all zero), 

or  a trigger  indicator denoting that  the  count in Bits 1-11 exceeded 

the  threshold  for  that  counter. This is identical  to  the Rate Data 

in  Line HKO. 

NOTE: The first memory  readout  block only uses  Bits 1-36 for PWR and cal- 
ender  time of a gamma  ray  event  in the same  format  as  used in Line 
HK2. 

0 Bits 13-24. Identical to the above, but  corresponds to  the  medium 

(32 m s c )  counter. LSB is Bit  13, MSB is Bit 23,  and overflow/ 

trigger is Bit 24. 
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Bits 25-36. Identical to the above, but  corresponds  to.  the  fast 

(4 mSec) counter. LSB is Bit 25, MSB is Bit 35, and overflow/ 

trigger is Bit 36. 

Bits 37, 38. These are ID bits and always  have  the  values 0,l for 

memory  data. 

Bits 39-45. These  bits  form part of the current  address  from which 

memory  data is being  read out. The 2 and 2 bits are missing, so 

the address  increments  every  fourth  memory block. 

Bit 46. This  is the parity  check  bit and has the same function as 

in HK blocks, 

Bit 47. This  bit  provides a one-bit-at-a-time repetition of the 

36-bit calendar  time  field  that  is  transmitted in the first  memory 

block,  The first block  thus  contains  Bit 1 of the 36-bit field, o r  

PWR. The next  block  contains  the 4 mSec-weighted calendar  bit, 

etc.  This  process  continues throughout the  entire 512 (or 1024) 

block  readout  aycle, and hence repeats the 36-bit field 14 times. 

In the  event  the first memory  block is lost,  reconstruction of the 

event  time is possible  using  this  bit  in conjunction with the  readout 

address. 

0 1 
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APPENDIX B - ORBIT/ATTITUDE TAPE DESCRIPTION 

This appendix describes the format of the  orbit/attitude (ORB/ATT) tape re- 

ceived  from IPD. 

The general  format  consists of a  label  record followed by one o r  more  records 

of orbit/attitude  data. 

a 

a 

a 

a 

a 

a 

m 

The label  record  described  in  Figure B-1 consists of  78 characters 

written  in IBM  BCD tape  format, odd parity. 

The ORB/ATT parameters  for HELIOS a re  shown as  items 1-162 on 

Figure B-2. 

These  parameters  appear on the ORB/ATT tape in the same  order  as 

they a re  in  the  tables. 

Each  item  in  the  data  record  is  a UNIVAC 1108 double precision  word 

(72 bits). 

The ORB/ATT tape will be  written on seven (7) track, 800 BPI mag- 

netic  tape. 

An ORB/ATT data  record = 162 double precision  words. 

Each  record  contains  data  for one point. The  distance  between two 

time  points is: 

- 

- 6 minutes  for  a  distance of Earth-Helios less than one million 

kilometers  and, 

- 60 minutes for distance  more than one million  kilometers. 
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This l a b e l  will preceed  a l l  f i les  on the OB/ATT EDR. The l a b e l  
will c o n s i s t  of 78 characters. 

L a b e l s  w i l l  b e   w r i t t e n  i n  IBY BCD t a p e  f o m a t ,  odd p a r i t y .  

1 - 7 + Space  

9 - If, 
12 - 23 

24 - 25 + Space 

27 ’ -  29 + Space  

31 - 36 + Space 

38 - 40 + Space 

42 - 47 + Spaee 

49 - 52 + Space  

54 - 55 + Space  

57 - 62 + Space 

64 - 66 + Space 

68 - 69 + Space . 

7 1  - 72 + Space 

74 - 76 

77 - 78 

I n t e r n a t i o n a l  Code 

Tape  Type (ORB) 

Spaces  

Year of  Recording ( las t  2 d i g i t s )  

F i l e   S t a r t   T i n e  (DAY) 

F i l e   S t a r t  Time (E4XSS) 

Fi le  S t o p  Time (DAY) 

F i l e   S t o p  T h e  (ECfSS) 

P/A Master Data Tape  Xunber 

O/A Faster Data Tape F i l e  Number 

Date O/A EDR gene ra t ed  

O/A EDB R u n  KumSer 

O/A EDR File Xuxzber 

O/A ED3 Reel  Xunber 

€kper:;E2’ntsr I D  

Spares 

a 

Figure  B-1. Helios A/B Orbit/Attitude 
Label Format 
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Tiac ftlocl; 
1. Julian date, epheEcris time 

2. Time In seconds past Januery 1, 1953, ephezeris tize 

. 3. Year \ 

I .  Hon th or Gregorlen calcndnr &ate 

9. nu2 fraa lcunch in sccon6.s - 
. 10. ET - UTC, in 'seconds 

11. AT ( Time  difference between Orbit and  Attitude  calculations ) 

12. Status switch 0 = both Orbit & Attitude da:a present 
1 = Orbit data  only 
2 = Attitude data  only 

13. Spare 

. . .  

17.. U, 
Vclocity coo2lixtes 

18. ur of Hellos in C.. U./%Y 

Figure  B-2. Helios  A/B  Orbit/Attitude  Data 
R e c o r d   F o r m a t  (1 of 5) 
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8 

Hclloccntric T\lnc!c cor.t'd 

. 56. Ecl ip t ica l   longi tudc ,   couted  fro3 14ecn Zqa:nox \ 
. .  . .  

57. Ecliptlcd.   loczitude,  counted kroz . .  

58. E c l i p t i c d   l a t i t s d e  of. iiclioc ' 

. .  
: ig. D i c t a c e  in A. U. 'of Sun - 

60. 63. S a m  as above for  Mercurf 

64 .  - 67 .  Saae as above f o r  Venus 

68.  - 71.  S a c  us abovc f o r  Ear.th 

7 2 .  - 75.  Smc as above f o r  Yars 

.76. - 7 9 .  Same os above fo r   Jup i t e r  

80.  - 83.  S a e  as above for Xoon 

84. Radial Velocity 

85. . NOZZ& Veloci ty  

86. Kcllographlc Lowitude of Helios, cotL?tcd fzc: the  irscen2irG :iOCC 

87.' Hellogr&phic ia t i tuCc of Hellos 

. -  1. of + .  Hellos in A. U./ E%". 

. .  Nuaber of rotations of the Sun, 

. 88. referred  to   the  Earth 
at 160 hc l iopcph ic  latituse 

89. r e fc r r ed  t o  Helios ' 8 h C C  1ClUlCh 

Figure B-2. Helios A/B Orbit/Attitude Data 
Record  Format (2 of 5 )  
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99. Radial velocity of 
Helioc In  A. U./ DAY 

100. N o d  veloci ty  of 

101.. x 
.. 

103. 

104. U;R 
Kcan ec l i7 t i c  LY-?~ 

equinox of 195C: 
106. u, July 1, 0.0 hczrs. 

107 .- 112.. S m c  for   the Sun 

113. Solar ec l ipt lca l  l a t i t ude  of Hellos 

' 114- Solar ecl ipt ical   longi tude of Helios 

. .  

116. y Solar bhwctosghcric  Coordirztes 
of Helios 

117. 2 ) 

119. Helios - Venus 

120. Helios - Earth 

Figure  B-2. Helios  A/B  Orbit/Attitude Data 
Record Format (3 of 5 )  

B-5 



127. Sun - E a r t h  - EELIOS 

128. EZLIOS - EpTrth - Moon 

129. Eclipt ic   Plane - (Earth - Helios)  Line 

130. Right Ascension of Orbit  Pole 

131. Declination of Orbit.  Pole 

Att i tude Block 

132. FJeg f o r  Blackout 

133. sola Aspect Angle 

134. 3Sigm. Value of the  Solar Aspect Angle 

135. Pi t ch  ..kg ld 

135. 3Si-a Value of  t h e  Pitch Angle 

137. Angle  Bettieen Z-Axis and Orbit-Plane 

138. &krcury Aspect -le (Angle betveen 
Z-Axis and HELIOS - liIercury Line ) 

1.41. Eclipt ic& Longitude o f  S/C - Spin Axis 

142, Ec l ip t i ca l  Longitude  of S/C - Spin Axis 
$ Counted f ros   Ear th  - S u  Line 

143. E c l i p t i c d  Latitude of S/C - Spin A X ~ S  

In Degrees 
.. 

Figure B-2. Helios A/B Orbit/Attitude Data 
Record Format (4 of 5 )  
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144. 

' 145. } 
146. ! 

147. 

148. } 
149. 

' 151. 

152. 

153. 

154. ] 
155. 

FFI*st Row (Al1 A12 Ala) of t h e  
. . _ _  .. .. 1 

. -  
ktri; fi;re S/C , GpFn Aris - S a i n e  
Cwrdinates t o  
Heliographic Coordinates 

ThFra Row (A3l A32 As3)  of t h e  /J 

F-irst R o w  (Al1  AIZ A13) of  t h e  

Figure B-2. Helios A/B Orbit/Attitude Data 
Record  Format (5 of 5) 
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APPENDIX C - PHA TAPE LOGICAL  RECORD  FORMAT' 

This appendix describes the logical  record  format for the PHA tape  produced 

by HELDRP. Also included is a description of the PHA tape  subcom  data for 

formats 1, 2 ,  and 3 (Table l), a description of the PHA tape  subcom  data  for 

format 5 (Table 2 ) ,  and a description of the PHA readout  structure  (Table 3).  
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PHA Tape  Logical  Record Format 

Displacement 

B 

4 

8 

12 

16 

2$ 

22 . 

24 

26 

28 

3d 

32 

34 

36 

84 (12s) 

c 

Is?!? 
I* 4 

I* 4 

I* 2 

1*2 

I* 4 
r 4  

1*2 

I* 2 

I* 2 

i* 2 

I* 2 

I*2 
1*2 

I*2 

I* 4 

Description 

Time of day (hIS) for  first page 
contained in rccord 

Time of day (MS) for page which 
is expected to immediately follow 
the  las t   page  in this  record 

Day (RhIJD) for first page contained 
in record 

Day (RMJD) for page  which is ex- 
pected to immediately follow the 
last page in this  record 

Round Trip Light Time (MS) 

Spacecraft Clock 

Absolute File Number 

Time  Correction Flag 

Ratio of PHA blocks to RATES blocks 

Bit Rate (8,  16, 32, 64, 128, 2.56, 512, 
1024,  2048, 4096) 

Format (1, 2, 3,  5) 

Rame Counter Corrclction 
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PHA Tape  Logical  Record Format (continued) 

Displacement 

1*2 
,' 

Type  Description 

(1) HET RATE R l  - (..\2E;1 + AlCI)B CIII 

(2) HET RATE  R1 - (X2K1 + AlCIjI; CIII 

(3) HET RATE R 2 A  - A 1  tE B CIII 

(4) HET RATE R2B - A1 BIG CIII 

(5) HET RATE R3X - A2 B CII 

(6) LET R A T E   R l l A  - DI  DII 

(7) LET RATE R l l B  - DI DII 2 D F 
(8) Computed HET RATE R1 = (RGB + R7X + 

H7B -+ R8A + RSB) 

All rates which fail  the  trend check will be 
indicated by a negative rate value. \!'hen- 
ever a rate with a value of zero fails the 
trend  check,  it  will be set to the value 
-21000000. Padded rates will  be  indicated 
by the  value -20000000. 

All the PHA data  associated with the f irst  
page of data contained in the PHX I ecord. 
Each PHA entry,  comprised of B HET and 
LET event, has a unique time  associated 
with it and appears in three consecutive 
words, as follows: 

O(MSB). . . . . . . . . e .  . . . . . . . . .31(LSB) 

(1) IlET - 1 HET - 2 

(2) HET - 3 LET - 1 

(3) LET - 2 LET - 3 

Padded/missing PI-IA data  is  indicated by 
a negative one in the PIIA entry.  There is 
a varying number of PIIA readouts per pagc 
dcpending upon the PHA/R~YI'E block ratio: 
At 3 ratio of 5:1, thcrc arc 160 PILI !*ewlouts; 
at 3:1, there arc 9G I'HX reactollts; n n c l  at 1:1, 
there are 32 PIIA lmdouts. (SCC ' M ) k  3 for 
the structure of n PIIA rc:tr.lout. ) 
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Displacement 
1 

PHA Tape  Logical  Record Format (continued) 

Description 

All the  subcom Rates, and 
PHA data  for the second page 
of data contained in  the  record 

All the  subcom,  Rates, and 
PHA data  for the third page of 
data  contained  in  the record 

All the  subcom,  Rates, and 
PHA data for the fourth page 
of data  contained in  the record 

Note: The first  displacement is for  data  transmitted  in  formats  1,2, o r  3. 

The second  displacement is for data  transmitted in format 5. Actual 

displacement for pages C-2 - C-4 are  dependent upon bit  rate and  the 

PHA/RATES block ratio. 
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Tablc 1. PILI Trrpc 
I 

(Sbbcom data for  format  group 1 - formats L . 2 ,  3) 

Displnccmcnt 

$ . 
2 

' 4  

6 

8 

18 
I2 

14 

16 

18 . 
28 
22 

24 

' 26 

28 

. 3El 

32 

34 

36 

37 

38 

39 

4$ 

41 

42 

43 

44 

- 46 

*e 
1.2 

1*2 

I*2 

I*2 

1*2 

1*2 

' 112 . . 

I* 2 

. I*2 

1*2 

1*2 

1*2 

1*2 

1*2 . 
1*2 , 

1*2 

1*2 . ' 

. .  

1*2 

L* 1 

L' 1 

L* 1 

L* 1 
L' 1 

L*l ' 

L,* 1 

L' 1 

I*2 

1*2 

I 

Dcscr lption 

Spln Rate (in RPM) 

HET (E7A) tcmperature 

VLETl (ESU1) temperature 

VLET2 (ESB2) temperature 

'LET (E7C) temperature 

detector mounting plate  temp. 

X-Ray detector temperature 

thermal  blanket  support plate 1 temp. 

thermal  blanket  support plate 2 temp. 

electronics temperature 
. 

base plate  temperature 

+I2 v monitor 

+6 v digital  monitor 

+6 v analog monitor 

+7.15 v monitor 

+4.7 v monitor 

base plate  tempt~rature  (front) 

Power status (I:.on, $:off) 

. .  
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Displacement 

. 0 - 4 3  
44 - 81 
88 - 91 

(23 words) 

Table 2. PHA Tape 

(Subcom Data for format group 2 - format 5) 

Type Description 

same as 0 - 43, Table 1, for sequence 1 

same as 0 - 43, Table 1, for  sequence 2 

same as 44 - 47, Table 1 
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. Table 3. Iielios P H X  Events 

Halfword 2 BBBBBBBBBBBBCCCC .. 

Halfword 3 CCCCCCCCRSSSQPPN 

Where : 

M = 0, data is good 

= 1, data is missing 1 padded 

E = 0, LET event 

= 1, HET event 

TT = r o o ,  AlEBCIII (HET)/DIDIIZ D i? (LET) 

= 01, -42BC'III (HET)/DIDII F (LET) 
= 10, (A2Kl + AlCI) B m  (HET)/(No LET)' 

= 11, AlBI(2mI (HET)/Wo LET) 
4 

R = 0, CII threshhold not exceeded HET 'only 
= 1, CII threshhold is exceeded J 

SSS = 0-7, sectors 0-7, respectively 

Q = 0, PHA word 1 i s  the A amplitude 1 HET only 
= 1, PHA word 1 is the CIII amplitude_ 

PP = 0-3 priorities (HET)/O-1 priorities  (LET) 

N = 0, good event 

= 1, null  event 
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APPENDIX D - RATES TAPE LOGICAL RECORD FORMAT 

The logical  record  format of the RATES tape  produced by HELDRP is  presented 

on pages D-2 and 0-3. The RATES tape subcorn data  for  format  group 1 

(formats 1, 2 and 3 )  are  defined in Table 1 (page D-4 and D-5). The RATES 

tape  subcom  data  for  format  group 2 (format 5) are  defined in  Table 2(page D-6). 

Finally,  the RATES data - RATE sequence  identification  correlation is present- 

ed  in  Table 3 (pages D-7 through D-11). 

D- 1 



RATES Tape h g i c a l  Record  Format 

Displacement (See Note) 

B 

. 4  

8 

118 

12 

16 

2$ 
22 

24 

26 

28 

38' 

32 

34 c 

36 

-. 

92/136 

.. 

, 

XlE 

If4 

P4 

x* 2 

P2 

1*4 

e4 

1*2 

P 2  

1*2 

1*2 

r 2  

I*2' . 
i*2 

r 2  

I*4 ;' 

Description 

Time of day ( 3 s )  for. first page 
contained in record 

Time of day (11s) for page which 
is expected  to  immediately follow 
the  last  page in this  record 

Day (RAIJD) for first page  contained 
in record 

Day (RhTJD) f m  page which is ex- 
pected  to  immediately follow the 
last  page in this  record 

Round Trip Light Time 

Spacecraft Clock 

Absolute File Number 

Time  Correction Flag 

Ratio of PHA blocks to RATES blocks 

Bit  Rate (8, 16, 32, 64, 125, 256, 512, 

* 

1024, 2048, 4096) 

Format (1, 2, 3, 5) 

Frame Counter  Correction 

Data Type 

Data  Quality 

All the  subcom  data  associated with the 
f i rs t  p,age of data contained in the  record. 
Refer to Tal)lcs 3 and 2 for a description 
of: the subcom  data for the two format 
groups. 
All the rates  data  nssoeintcd with the first 
page of data  contnhcd in rccord. Each p:ge 
consists of'4 sets (2 scctorccl and 2 unscctorcd) 
of 32 and 20  rates rcspcctiscly, which a r c  
uniyucly  identified by the corresponding rate 
scqucncc ID'S appc:wing in t h c  associatcd set 
of subcom  data. 'l'hc ratcs data :Issocintcd 
with each page :\ppc:ws in 104 consecutive 
words, as rollows: 
1 - Sectored Itate (First Set) 
0 

V 
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b - -  RATES Tape Logical Rccord Format (continucd) 

a 

Displacement (See Note) 
~ .- _. \ 

. 

564/652 
- - .  . 

. . . . . . -. . 

1036/1168 
. - _ _  

- - . . 

1508/1684 

. z Y E  Description 

32 - Sectored Rate (First S t )  
33 - Unsectored R3tea(First Set) 

0 

* 
52 - Unsectored  Rate (First Set) 
53 - Sectored  Rate (Second  Set) 

0 

* .  
84 - Sectored  Rate (Second Sct) 
85 - Unsectored  Rate (Second Set) 
0 

a 
-. * *  

lff4 - Unsectored Rate (Second Set) 

Refer  to Table 3 Yo determine  the 
' rates data  associated with each un- 

sectored and sectored rate sequence 
ID, 
All the  subcom and Rates  data for the 
second  page of data contained in the 
record. 

All the subcom and Rates  data for the 
third page of data contained in the 
record. 

All the subcom  and Rates data for the 
fourth p.qe of data contained in the 
record. 

Notc: The first clispIaccment is for data transmitted in formats 1, 2, or 3. The second 
clisplnecment ts for data  transmitted in format 5. 
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Displaccment 

, * .  
.. 2 

4 

6 

8 

Id 

12 

Table 1. RATES Tape Subcom Data .. - 

(Subcom data for format  group 1 - formats 1, 2, 3) 

14 

16 . 

'28 

18 
# 

22 

24 

26 

28 - 

38 

32 

Typc 
1*2' 

1*2 

1*2 

1*2 
I 

34 

36 

37 

38 

39 

4% 

4 1  

42 

.43 

44 

46 

48 
.. 

1*2 

1*2 

1*2, 

1*2 

1*2 

1*2 

r 2  

1*2 

1*2, 

1*2 
I 

i 
1*2 

1*2 i 1.2 
L*l, 

L*l 

L* 1 

L* 1 
L* 1 
L* 1 
L* 1 

L* 1 
I' 2 

1*2 

1'2 , 

a 

Description 

Spin Rate .(in biP,?I) 

HET (E7A) temperature 

VLETl (E7Bl) temperature 

VLETL (E7BB) temperature 

LET (E7C) temperature 

detector mounting plate  temp. 

X-Ray detector  temperature 

thermal blanket support  plate 1 temp. 

thermal blanket support  plate 2 temp. 

. electronics  temperature 

base  plate  temperature 

+X? v monitor 

+6 v digital  monitor 

+6 Y analog monitor 

+1.75 v monitor 

M.7 Y monitor 

base plate  temperature  (front) 

Power status (l=on, #=off) 

X-Ray  Window Clock 

X-Ray  Window Data 

Internal  Calibrator A 

. Internal  Calibrator B 

X-Ray high voltage 

Sector  synchronizer 

Forcc blackout  mode 

X-Ray scctor  data mode 

%Ray  command reg. 

X-Ray XEQ. reg. 

Unsectorcd Rate Scqucnce ID 
(First Sct) 
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Displacement 

5B . 
52 

54 

- - - -  - . .. . . . . _ _  

----Total: 14-32 bit words 

Table 1. (continued) 

T,Pe Description 

I*2 

1*2 

1*2 

Sectored Rate Sequence ID 
(First Set) 
Wnsectored  Rate  Sequence ID 
(Second Set) 
Sectored Rate  Sequence ID 
(Second Set) 
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Displacement 

$ - 4 3  . 

44m- 87 

,88 - 99 . . - .~ 

(25 words) 

Tablc 2.  RATES T;y>e 

(Subcorn data for format group 2 - format 5) 

2xf.E Description 

(same as Table 1) (saine as Table 1) 

(same as $ - 43) 

(same as 44-54 
- in Table 1) 

(same as 44-54 
in Table- 1) 
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. Table 3. RATE Sequence ID 

Unscctored Sectored Rate (See Note) 

N/A d SR1A Alx2BCI C m  
. - . *  - _  -. - 

, 

SXRY Sectored X-Ray 

R1 - (A2Kl + AICI) B C T  

R2A - Alx2BCIII 

R3A - A2BCIII 

R4A - A2BK2CI E1 

R5A - A2BK2CI CII CIfI 

R6A - AlX2BE 

R7A - A1X2BCI CII CIII 
- R8A - A2B$CI  CLI 

RSA - SI SI1 SIIa SIII 

. RlBA - DIl 

R l l A  - DI DII F 
R U A  - DI DII El B 

R13A - DI DII E2 F 
R14A - DI -- - 
RlSA - SI1 SII SII, SI11 

R16A - SI SI1 ST, SIII 
R17A - SI (VLETI) 

'b 

R18A - SI1 GI Ea SIII 
Rl9A - SI SIX1 E, ST1 
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- 

Table 

Wnsectorcd Sectored 

N/A 

1 N/A 

.3. (continued) 

Rate (See Note) 

SRlB - A2 BK1 CTI 

SR2B - SI a S i m I  
- . -  

- 6  

SR3B - SI6 SI1 SII, SIl3 
-- - 

SXRY - Sectored X-Ray 

R1 

. R2B - AI BK2 CIII 

R3B - A, BK2 8 

R4B - A1 
R5B - A2 

R6B - AI X2 BCI E1 

R7B - A, BKl c'i 
R8B - Az BK1 CI  CII CUI 

R9B - SI SII SII, SIII 

RlaB - D12 

R l l B  - DI  DII Z D P  

RUB - DI  DII Z DE3 i? 

R13B - DI DII C DE4 F 
. .  

a 

R14B - DII -- - 
R15B - SI2 SII SII, SIII 

R l l B  - SI1 (VLET 1) -- - 
R18B - SI,  SI1 SIIB SI11 

RlOB - SI SI12 SIIa SI11 
c -  

R26 
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Table . .3. (continued) . 
Unscctorcd 

N/A ._ - - -  

Sectored 

2 SRlC - DI  DII ?; 

, 

, 2  
- -  -_ 
N/A 

, - 

4 

. .  

I---. - . 

I Rate (See Note) 

3 

SR2C - SI7 SZ SXa 

s R 3 c  - SI7 SII saa ST1 

SXRY - Sectored X-Ray 

R 1  

R2A - R9A 
. RlBC - D13 

R l l A  - R13A 
R14C - El 
R15C - SI3 SI  Ea ST1 

R16C - SI SI13 ST, ST1 

R17C - SIIs (VLET 1) 

R18C - SI3 SI1 SII, SIII 
-- - 

R19C - SI SI13 ET, SIII 

SRlD - DI DII El F 

SRZD -  SI^ SLI 

SR3D - SIg S I  aaSm 
SXRY - Sectored X-Ray 

R l  

R2B - R9B 

. RldD - D14 

R l l B  - R13B 
R14D - F 
R16D - SI4 SI1 SII, SI11 

-- - 
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Table . '  .3. (continued) 

Seitored Rate (See Note) 

R16D - SI SIXq E, S ?  

-. . - .  ~ 

Unsectored 

SR  1A - 

, '  SR3E - sf SIX5 %Ia =I 

SXRY - Sectored X-Ray 

R1 
M A  - R9A 

RlBE - DX5. 

. 

R l l A  - R13A 

R14E - B 
R15A - R16A 

R17E - SI (VLET 2) 

Rl8A - R19A 

R2$ 
SRlB 

SRPF - 3 SI16 E Sm 

SRSF - S I  SIXG SI, SlII 
=* 

SXRY - Sectored X-Ray 

R1 
R2B - R9B 

. 

5 

6 

R l l B  - R13B 

R14F - CI 
Note:  Sectored  Rates apply td Sectors 1 through 8 inclusive. 
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. .  . 
Unscctorcd 

6 

- _  . --_ . 

N/A 

6 

Table -3. (continued) . .  

Sectored Rate (See  Note) - 
RlSB - R16 B 

R17F - SI1 (VLET 2) 

R18B - R19B -- 
.R2$ 

SR 1C 

SlUG - SI$ Sua SI11 

SRSG - Si SIX? ma SEI 

- -  

SXIY - Sectored X-Ray 

R I  
- -  

N/A 
- - 

# 

: 7 

. .  

- -  - . 

N/A 

R2A - R9A 

Rl$G - DI, 

R l l A  - R13A 

R14G - CII 

R15C - R16C ' 

R17G - Saa (VLET 2) 

R18C - R19C 

R2$ 
SRlD . t  

, SR2H - Si SI18 XI, SIII  

SR3H E SIIs E, S T  

SXRY - Sectored X-Ray 

R1 

R2B - R9.B 

Rl@€I - D18 

R11B - R13B 
111411 - CIR 
H15D - RlGD 
H171I - SIIl (VLET 2) 
R18D - R13D 
R2$ 
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APPENDIX E - DATA SET  INDEX 

INDEX describes CATLOG for LIBGEN processing.  The  number of records and 

last  record  written into the  catalog,  the last LIB written, and the EDR tapes  to 

be  compressed are written and read by LIBGEN. 

There is one record, 7292 bytes, 1823 words. 

Word wk TmE Name Description 

1 1 L*l SATID Satellite ID 

2 

3 

7 

8 

9 

10 

I *4 MAXREC Maximum number of records 
in CATLOG 

I *4 

I *4 

I*4 

I*4 

I *4 

I*4 

R*4 

1 '  

I *4 

OFFSET 

LOCIN 

LOCOUT 

NEXTREC 

OUTSER 

OUT  SE  :Q 

FEETOUT 

INSERA 

Record  offset of region two in 
CATLOG 

Maximum EDR tapes allowed 

Maximum LIB tapes allowed 

Displacement in region two of 
first available  blank  record 

Serial  number of last LIB tape 

File number of last LIB 

Number of feet  used on LIB tape 

LAST  EDR serial  number 

11 I*4 INSEQA  LAST file number on EDR 

14 I *4 LINSER Not used 

15 I *4 LINSE Q Not used 

51 1-2 I*2 OUTPTR Start EDR serial number  on 
1st LIB 

3-4 I*2 

52  1-2 I*2 

Start EDR file  number on 1st 
LIB 

Start EDR serial number  on 
2nd LIB 

f 

. 3-4 I*2 Start EDR file  number on 2nd 
LIB 
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Word Byte 

. . 

. . 

. 
1051 1 

. 

. 

Name 

. 
L*l INFLAGS 

L*l INFLAGS 

Description 

. 

. 
Disposition of 1st EDR 
11 = allocated 
01 = added to library 
03 = 1/0 er ror  

Disposition of 2nd  EDR 
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APPENDIX F - DATA SET  CATLOG 

CATLOG contains  information on each EDR compressed onto a LIB tape. The 

CATLOG is used by GETLIB to locate  the  correct file on the LIB tape given the 

serial  number and file  number of the EDR tape. There  are 2250 records di- 

vided into two regions. Region one contains  the first 6 files  for  every EDR, 

one EDR per  record. Region two contains  the  overflow files from  each EDR. 

Each file on a LIB tape  has a DSN composed of the  serial number and file num- 

ber of the EDR tape. GETLIB uses CATLOG to construct  the DSN as well as 

locate  the LIB tape and file. 

The record  number  corresponds to the EDR serial number. The single  record 

format is as follows: 

Word - Byte T m  Name 

1 

2 

1-2 

3-4 

1-2 

3-4 

1-2 

3-4 

1-2 

3 

4 

1*2 NXTREC 

I*2 - 

1*2  FOUTSER 

I*2 FOUTSEQ 

I*2 FINSERF 

I*2 FINSE QF 

1*2  FMTA PE 

DescriDtion 

Displacement in record  numbers 
from OFFSET  to  next record 
with file history  for  the EDR 
serial  number given by the re- 
cord in region one. A displace- 
ment of zero  means  there are 
no more than six  remaining files 
on that  particular EDR 

Number of files described by 
record 

LIB serial  number of 1st file 
of  EDR 

LIB file number of 1st file of 
EDR 

Serial  number of next EDR file 

File number of next EDR file 

Serial number of master  tape 

L*l FMFILE File number of master tape 

L*l FSHOUR Hour of start  time of 1st file 
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Word 

5 

Byte - Description Length Name 

L*l 

L*l 

L*l 

L*l 

L*l 

L*l 

I*2 

I*2 

1*2 

L*l 

L*l 

I*2 

Minute of start time of 1st file 

Second of start time of 1st file 

FSMIN 

FSSEC 

FEHOUR 

FE MIN 

FESEC 

FYEAR 

FSDAY 

FEDAY 

FBITRATE 

FFORMAT 

FIOERR 

OUTSER 

Hour of end time of 1st file 

Minute of end  time of 1st file 

Second of end time of 1st file 

Year of 1st file 

6 

Day of start time of 1st file 

Day of end  time of 1st file 

Bit rate of 1st file 

Data format 

Number of records skipped 

LIB serial number of  2nd file of 
EDR 

3-4 

1-2 

3 -4 

1 

2 

3-4 

7 

8 

. . . 
* . 
. 
40 

e~ 

1*2 

. . 
Bit rate of 6th file 

. 
1-2 . 

. 
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APPENDIX G - DATA SET  DRSLOG 

The DRSLOG keeps  track of the  history of each file processed by HELDRP. The 

absolute file number,  times,  record count and quality. DRSLOG has 17  tracks 

and each  track  has 1823 4-byte words which contain the  last  file  number and 

the  history  of 182 files. Each file is on one "linett;  there  are 182 lines per 

track. 

The single  track  format is as follows: 

Word Byte Length Name Description 

1 I *4 NUMOLD Number of last line in track 

2 1*4 LOGOLD(1) Milliseconds of start  of file 
of line 1 

3 I) 1*4 LOGOLD(2) Milliseconds of end of file of 
line 1 

4 1-2 

3-4 

5 1-2 

3-4 

7 6 1-2 

3-4 

7 

8 

9 1-2 

3-4 

1*2 

I  *2 
> '  

I *2 

I *2 

1*2 

1*2 

1*4 

1*4 

I*2 

1*2 

Absolute file number of line 1 

Modified Julian  day of start  of 
file of line 1 

Modified Julian day of end of 
file of line 1 

EDR number of line 1 

Modified Julian  day EDR was 
generated 

Modified Julian  day EDR was 
processed 

Total  number of records of 
lines 1 

Number of good records of 
line 1 

Highest  quality of line 1 

Lowest  quality of line 1 
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Word 

10  

11 

1 2  

0 

1812 

. 
1821 

Byte Length 

1 bit 1 . 

1 bit 2 

I *4 

1*4 

. 0 

1*4 

Name Description 

PHA processed  flag (MSB)  of 
line 1 

RATES processed  flag of line 1 

Spare 

Milliseconds of start of file of 
line 2 

. 

. 
LOGOLD Milliseconds of start of file of 
(1811) line 182 

. 

LOGOLD Rates processed  flag of line  182 
(1820) 
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APPENDIX H - DESCRIPTION OF DATA SETS DRSCTP, DRSCT1, 
DRSCTB, DRSCT3, and DRSCT4 

Data set DRSCTP is used  to point to  the current  catalog, DRSCT1, 2 ,  3 o r  4. 

The  number is incremented by one each  time HELDRP is run. DRSCTP is  

maintained  under  the title M2. SDHEL.SD002.  HADRSCTP for Helios A; 

DRSCT1-4 has a similar name.  Helios B substitutes B for A in the  titles. 

The  format for DRSCTP is as  follows: 

Word Byte Name Description 

1 1 LSTCAT Number of last  catalog 
(DRSCT1-4) used 

2-20 2 IDTAP Satellite ID unused 

The format for any of the DRSCT X (X=l, 2,  3,  4)  data  sets is the same  as the 

common area DRSTAP, presented below. 

Word Name TyEe Description 

1 ' IDSAT  1*4 Satellite ID 

2 HPHATP 1*4 Number of  PHA tapes 
in the  catalog 

HRATTP I *2 Number of RATES tapes 
in  the  catalog 

DPHATP R *8 Array of PHA tape 
volume numbers 

MSPHAS  1*4 Array of start  ms of 
each PHA tape 

MSPHAE  1*4 Array of end ms of 
each PHA tape 

3 -2 02 

203-302 

3 03 -402 

403-452 

453-502 

503-552 

HDPHAS I *2 Array of start days of 
each PHA tape 

HD PHAE I*2 Array of end  days of 
each PHA tape 

HPHAFT I *2 Array of feet  written 
on each PHA tape 
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Word 

553-752 

Name 

DRATTP 
TyEe 
R "8 

Description 

Array of Rates  tape 
volume serial  numbers 

753-852 MSRATS 1*4 Array of start ms of 
each RA4TES tape 

Array of end ms of each 
RATES tape 

*4rray of start days of 
each RATES tape 

Array of end  days of 
each RATES tape 

Array of feet written 
on each RATES tape 

Array of blank PHA 
tape volume numbers 

Array of blank RATES 
tape volume numbers 

Array of catalog  back 
up tapes 

Number of  PHA tapes 

Number of RATES tapes 

Last  absolute file 
written by HELDRP 

Last  track on DRSLOG 

853-952 MSRATE 1*4 

953-1002 HDRATS I*2 i 

1003-1052 HDRATE I*2 

1053-1102 HRATFT 1*2 

1103-1202 DBLNKP R*8 

1203-1302 DBLNKR R*8 

1303-1310 DCATLG R*8 

13  11 H PHAB K 

HRATBK 

1'2 

I*2 

1*4 13 12 LSTAFN 

13  13 

1315-1366 

1367-1368 

LSTLOG I*4 

Not used 

D PHAS R "8 Volume of first PHA 
tape 

Volume .of last PHA 
tape 

Volume of first RATES 
tape 

Volume of last RATE 
tape 

Not used 

1369-1370 D PHAE R*8 

1371-1372 DRATS R "8 

1373-1374 DRATE R*8 

1375-1385 
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APPENDIX I - HELIOS COMMAND TAPE LISTING 

Figure 1-1 presents  an  example of the  Command  Tape listing provided to each 

United States  Experimenter  for HELIOS. The items  in  the example a re  de- 

scribed  as follows: 

@ This item  provides  information on the  tape  from which the commands 

were  extracted 

@ The time of transmission of the first  bit of the  command  from the station. 

@ The command  number in octal 

@ Alpha chamcters  describing the  command 

@ S/C receipt  time of first command  bit. 

@ Station  sending  the command 

0 Resolution of the  command  (confirmed,  aborted, or  undetermined}. 
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Figure 1-1. Sample Command Tape  Listing 
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